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SECTION I

INTIODUCTION

This report presents the results of fifteen computer

runs made with the Kaman Sciences MORSAIR Monte Carlo computer

program. These calculations were performed for the Air Force

Weapons Laboratory (AFWL/SAT) under the direction of Capt.

Raymond A. Shulstad.

The objective of this effort was to pr:ovide AFWL with a

set of "real" two-dimensional atmospheric neutron and secclndary

*gamma transport data for use in assessing the adequacy of mass

scaled uniform air calculations. Previous studies at Kaman

(ref. 1) and elsewhere (refs. 2, 3, 4) have indicated that

large inaccuracies can result from scaling at high altitudes.
The results presented in this report show the extent of these

inaccuracies for two unclassified source 3pectra for both

neutron and secondary gamma doses at al-_tudes from 5 to 80

kilometers.

For each MORSAIR run, the neutron and secondary gamma

doses in silicon and tissue as well as the total particle

fluence were calculated using a Monte Carlo technique at

more than 150 detector locations about a point isotropic

source in the atmosphere. The spectra used in these runs

were an unclassified fission source and an unclassified

thermonuclear source, both of which were provided by AFWL

(ref. 5). In addition to a run in homogeneous air with
each source spectrum for the purposes of verifying the

tracking and scoring techniques of the code, eight runs with

the fission source and five with the thermonuclear source

were made in the variable density atmosphere. Section II of

this report describes in detail the energy bins, spectra,

altitudes and dose response functions used in the calculations.
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In section III the homogeneous atmosphere neutron and

secondary gamma transport data supplied by AFWL and used in

this study are described. The two homogeneous atmosphere

MORSAIR runs madE for checkout purposes are discussed.

Also, in section III, the statistical uncertainties of the

Monte Carlo data, the method used to fit these data, and the

accuracy of these fits are briefly described. Finally, the

method used to determine the K-factor, defined as the ratio

of the 4nR 2 dose in real variable density air to the 4rR
2

dose in homogeneous air, is described.

In section IV, a brief discussion of some of the more

obvious trends of the results is presented. The qualitative

b Idependence of the K-factor on the source and detector altitude,

mass range, source spectrum, and dose response function is

described. The two primary effects which cause deviations

from the scaled homogeneous air results, namely a leakage
effect and a mass distribution effect are also described.

A summary of the calculations performed for this study

and the conclusions which may be drawn from these results are

presented in section V.

In Appendix A, the tabulated fit coefficients of the
4 2

one-dimensional ANISN 4ffR dose data (used in defining the

K-factors) are shown for the two source spectra. All of the

4rR2 doses have been plotted for both neutrons and secondary
gammas and these are included in Appendix A. In Appendix B, the

coefficients for the fits to the MORSAIR two-dimensional data
are shown flor each sampling altitude, dose response function,
and particle type (neutron or secondary gamma). In Appendix C,

plots of the fitted silicon dose data and the silicon K-factors

for both neutrons and secondary gammas are shown for all 15

MORSAIR runs.
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SECTION II

CALCULATIONS

1. THE MORSAIR 'LGRAM

The Kaman Sciences MORSAIR program is an extensively

modified version of the ORNL MORSE program (ref. 6) developed

specifically for Monte Carlo calculations of radiation
environments in a variable density atmosphere based on the

1962 Standard Atmosphere model (ref. 7). The multigroup

cross section module of MORSE was used without modification,

*but the geometry and random walk modules were revised and a

new scoring routine using an "extended path" or expectation

boundary crossing estimator for scoring in concentric annular

rings was added. In previous studies, the MORSAIR code has

been used for calculating radiation environments at source

altitudes from 20 to 65 kilometers. The results of those

calculations have been checked against other Kaman real air

transport codes, and codes from other agencies (ref. 8). It

has been found to be a useful code for predicting radiation

environments .t high altitudes where traditional methods of

scaling uniform atmosphere results are inadequate.

The latest version of MORSAIR was written for use on
the CDC 7600 computer and utilizes the fast access large

core capability of that machine so that very large problems

in terms of storage requirements can be efficiently handled

by the code. In this study the time integrated neutron and

secondary gamma doses and associated standard deviations

were calculated for 58 energy groups at as many as 190
detectors spaced about the source. The differential energy

spectra were recorded on magnetic tape so that doses other
than those shown in this report can be calculated.
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Earth curvature effects were not included in the

calculations, because these effects have been shown to be

negligible at the altitudes and ranges of the calculations

performed for this study (ref. 9).

2. INPUT PARAMETERS

The air cross sections used in the MORSAIR runs were

the DLC-31 multigroup set distributed by the Radiation Shielding

Information Center at ORNL (ref. 10). These cross sections

were prepared from ENDF/B-IV data using a fission spectrum

weighting function. A third order (P3) Legendre expansion

was used to represent the angular variation of the cross

sections. The nitrogen and oxygen cross sections were mixed

to form the macroscopic cross sections of air with the

following composition (ref. 5):

Density: 1.11 mg/cm3

Volume percentages: 79 percent nitrogen
21 percent oxygen

Number densities: 3.6609 x 1019 nitrogen atoms/cm
3

9.7316 x 1018 oxygen atoms/cm
3

A copy of these cross sections was provided to Kaman by

AFWL. The 37 neutron and 21 secondary gamma energy groups of

thE DLC-31 cross section set are shown in table 1. In table

2, the fraction of source neutrons in each of the groups is
shown for the two unclassified spectra used in the calculations.

Three different response functions were used to weight

the MORSAIR energy spectrum at each detector. Table 3 shows

the neutron silicon and tissue dose response functions, and
table 4 shows these response functions for the secondary

gamma groups. The response functions shown in tables 3 and

4 were provided by AFWL (ref. 5). In addition to the silicon

and tissue doses, the total number fluence was also calculated

for both neutrons and secondary gammas.
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TA8LE 1

IL,^-31 E-:N--GY GROUP STRUCTUiZE

PRO'P NEUJTRON =EN,-GY (t4-V) GROUP GAIMA ENERGY ('4EV)

1 1*964dE+J1 - 1,6905E+01 38 t*4000EGOi - £.0000E401
2 1*6'905E+01 - i.49ts1EOi 39 i*0001E.+0i - 8*0000EM~
.3 1*4914IEt - 1*4M~E+01 40 s.0000doEo - 7.0000E400
4 i*4191E4+Jl - to.3840E+Oi0 %i2 7,0300E+00 - 6,00OOE+00
5 lo.3840'E4ll - 1*2840E.Oi 42 6*300OEGOO - 5.OOODE+00
6 to1.'4DE+01 - i.Z2t4EtO1 43 5.OOOOEt20 - 4.0000E+00
7 L.2214E'+3I - 1.tO5'2E+Oi 44 4.OOOOE+00 - 3*OOOOEGoo

8 ttG5?E*O1 - togOE4+01 45 13000OE+06 2.SDOE.00
9 i.0GOlE+31 - .-1434E+00 46 2s5030DE.00- 2.OOOOE+0O

210 3*048'E40 - 8,1873E+00 4*7 2*OOOOE4+00 - 1*5000E+00
11 8trE0 - 7*4O82E+00 48 1.3900E+00 - 1*OOOOE+00
1' 7.408?E+30 - 6*3763E+O0 49 1.OOOOE+00 - 7*00OUE-01
13 6*376.3E403 - 4,9659E+00 50 7-0010E-Oi - 4.SOOOE-o1
14 4o965c4E+0 - '..7237E8oo 51 4.5000E-01 - 3.OOOOE-01
t5 '..7231E+00 - 4,065?Ff00 5? 3.OOOOE-0L - i.5000E-0i
16 4.O657EO" - 3,0]119E+0,0 53 i.5000E-Ot - t*0090E-a1
1? 3.0119E*00 - 2*3852E400 54. ioOooOE-01 - 7.OOOOE-02
14I 2.34i52E400 - 2*3069E+00 55 74OOO0E-02 - 4o5OOOE-02
19 2*306qE+03 - lo1265E+00 56 4.s50OE-02 - 3.OOOOE-J2
20 1*8268L+Oa - ioi080E+00 57 3.OOOOE-02 - 2.OOOE-62
21 1.1080E*00 - 5.502?3E-Oi 58 20OO00E-02 - t.OOOOE-02
22 5.5023E-01 - I ,5764E-0Gi
21 i.5764E-0 I - I * 109E-tO i
24 1.110O9E-0 i - 5,2475E-02
25 5,2475E-32 - 2.478SE-02
26 2,4788E-32 - 2,1575E-02
?7 2.18753E-02 - I.dME3-02
28 1.O333E-92 - 3,3546E-03
29 3.3546~-13 - i*2341E-03
30 1 .2341E -. 13 - 5,8294E-04
3 1 5*829.E-0(. - 1,OME-64
32 i.0130E-04. - ?oqo23E-05
33 2.9023E-05 - 1,0677E-05
34 L*0677E-05 - 3.,0510E-06

3-059PE-06 - 1.t254E-06
3o toi54E-35 - 4st400E-07

37 4.14'JOE-07 - 1.iJOOOE-it
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-4 TAILF- 2

NEUTRON SOURCES

GROUP NEUTRON ENEIRGY (M4EV) T4ERMONUCLEAR FISSION

£ 1*9640,E+Oi - 1.6905E+01 Ji 0
2 t.65305E*0i - 1.4.916E+01 us as
3 is49 18 E +01 - 1,1+191E+Ot i*8870E-O? as
4 is4191E+01 - i.5840[401 9331.OE-03 0..
5 i.3840E+31 - 1*2840E01i 2s6620E-02 0.
6 1*2840E401 - i.2214E+01 i*6660E-JJ2 0.
7 Is 22if4E+3-1 - 1.1.052E+01 1.6870E-32 0.
5 i1052E+0i - 1. 30,10E+0i L*2400E-02 0.
9 1*0000E+oi - 9-0434E+00 7*4800E-O3 S. 840DE-03

*10 9,0484.E+00 - 6oi873E0oo 6*82G0E-33 3. SOOOE-03
it 8.1973E+00 - 7.,03?E4+00 bo7800E-03 5*3900E-03
12 7*403?E+oa - b#3763E+00 i*0300Ei-02 Is350E-03
13 6.3763E+00 - 4,9659E+00 L.00-02 -02 4E-0
14. 4i4659E90O - 4.7237E+o0 3*620CE-03 3o2500E-03
15 4s7231EO OiE+00 1.Zk30E-02 8.*.70DE-03
16 4.6i657E+60, 3.0iifE*00 2,60-40E-02 5*50OOE-02
17' 3.0119E+60- 2-S30E+00 2*3730E7-02 3@2440E-02

Is 2.3852E6O - 2.3069E+00 3*7500E-03 i*0580E-02 1
19 2*30693E+00 - 1.i?68E+00 2*5640E-32 9*724CE-02
20 L.8263E400, - i.iO'$OE*00 6*4450E-02 I s46?LE-01
21 1103EI-00 - o*50'?3E-01 6.8490E-02 291567E-01 .
22 5 *5023E-0 I - I ,5764L-0 I 9o1380E-02 Is 5018E-0.
23 1,576.E-3ii - 1.M19--ol 1.1630E-02 1*9300E-02
24 lol109E-01 - 5,2475E-02 £.107E-01. £.2093E-01
25 592475E-32 - 2.47i8E-02 5*40OOE-02 5*7290E-02
26 2-473BE-32 - 2.t875E-02 596800E-03 6o.000E-03
27 2oi875E-32 - 1.0333;--2 9,2640E-02 2s4000E-O2

28 1.0333E-32 - 3.3546E-03 1i627E-Ot io4400E-02
29 3*354bE-03 - 1e.341E-03 7o3820E-02 0.
30 1,2341E-03 - 5#82"44E-04 2o3240E-02 0.
31 5*8294sE-04 - 1.0iSOE-04 2.0280E-02 0.
32 i.0130E-0)4 - 2*13023E-05 1*9000E-,03 a.
33 2*902E-35 - 1#0677E-05 0. as
34, 1o067?E-a5 - 3,3)530E-06 0. 0.
35 1 a 05 30 E -0 - I -125 4 E- 06 0. 0.
36 1-1254E-05 - 4.14JOE-07 0. 0.
3? 4.i1400E-07 - 1.;00E-i 0. 0.
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TA8LE 3

NE,)TRON (JOSE RESPONSE FUNCTIUN'S

GROUP NEUTRON EA4CRGY (MEV) TISSUE DOSE SILICON DJOSE
RAU/ (N/CI21 RAO/ ( N/Ctl2)

I 1. 1964f1E401 - 1.990E401 8,6724E-01 .10E0
2 l90E0.- 1*4918E+01 ?.4M9E-09 1.742E-09

3 ie49tiE411 - le419iE+01 6e8115E-0J9 1*68tiE-09
4 1419lr4.2t - 1.3840tE+Oi 6*5447E-09 1,6M3E-09

5 1.3840E4-ll - t*2640E4O1 6*1473E-0q i*5144E-09
6 1*.84flE~dt - 1.2214E*O1 59954BE-03 1.385t.E-09
7 1?14E+31 - t.1.052E+01. 5.893E-09 1.2370E-09
8 I.105?E431l - I.-3000E+O1 5*5508E-09 i*0530E-09
9 1*00OE.+1 - '#0454E+00 5*2882E-09 8,7897E-10

t0 9.048.E4gg - 4s.873E4'00 5,04.73E-09 7*9629E-10
11 ia.873E4+00 - 7.4.042E+00 5*0045E-09 79814.1E-10
12 7-4082E+00 - 6sJ763F400 4,7595E-09 4*7092E-1.c
13 693763E+019 - 4.4.659E+00 '.4831E-09 2s1394E-10
t4 4*9659E+J0 - 4@723?E400 4.,253LE-09 10826?E-10

15 .721E+03, - 4s0657E+00 4*0iIIE-09 1i.4195SE- 10to 4*0657E+30 - 3*01.1.3E00 3,9784E-0 ' i*0582E-10
17 3.0tl.4E+00 - 2#3852E+00 3e3905E-09 1.0006E-1.8
I i 2.385?z100 - 2e3069E'00 3e.377E-99 8.2995E-11.
19 2.3069E4+30 - 1*8268E*OO 3oO345E-03 9,1+7 78E- it

*20 i.8265E130 - 1.1.030E+00 296393E-09 6.5325E-ii
21 i.i080E400 - 5s5023E-O1. 240570E-09 4 e 978 5E- il

'a22 5*5U23E-11 - 1.57b4E-Oi ie3330E-09 3*.515E-il.
23 1*5764E-31 - .11l09E-01 796228t:-10 1*7897E-12
24 i.1109F-Oi -5*2475E-02 5e4890E-ig 298022E-i2
25 5*2475E-32 - 2.4738E-02 3.Ii,64E-10 i,232?E-12
26 2.4738E-32 - 2*187SE-02 2.0739E-i0 7.908 4E- 13
27 2.1175E-,12 - tLJ33r-02 1lo4662E-10 5 .8930OE-i,3

23 1*O333E-02 - 3o354i6E-03 6e.6143E-11. 2.9804E-t13
24 3e3546E-0.i - i.234iE-03 2*275SE-11 i.O'.98E-13

30 1.234.1E-03 - 5.8294E-04 9e.315E-12 4*3305E-1.
31 5.829'.E-04 - I,01.3OE-04 3e6632E-12 is4421E-14
32 1.90132E-04 - 2.3023E-05 i*1759E-12 4s5895E-1.5
35 2*9023E-05 - i.06f7E-05 iv.1095E-1.2 3,93?7E-1L5

34 i0677E-05 - 3*0590E-06 1,6117E-12 5o6286E-1.5
35 3.0590)E-05 - 1.1254E-06 2.7416E-1,2 9.*.023E-15
3b isi254E-05 - 4.1,43OE-07 4,4570E-12 i*5390E-14
37 4..400E-07T - i.J1000h-11 1e.238E-l 7.4.244E-13
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TAB~LE

GAM*MA OUSE RESPONSE FUNCTIONS

GROUP GAMMA ENERGY (M7V TISSUE DOSE SLCNDS
RAO/ (N/CM2) RAO/ (N/CPI2)

I io4001lE+0i - 1,0000E+01 W.431E-09 3*4164E-09
2 1.O00E,+i - 8eJ000E400 2o2564E-09 2* 571 ZE-0-9
3 8.O0OflE+OO - 7o9OOOE4+D i*9840E-09 2ot612E-09
4 7eOOOGE*OO - 6eaaooE+00 io7922E-09 1.899iE-Og
5 6.O000E+00 - 500000E+00 1*592SE-Oq i*636?E-09

7 '..0000E+00 - 3*3000E+OO t.18fE-09 isi335E- 3
8 3*00-)E+00 - '4:OO0F4E00 t:308E-a9 9*:334E:09
14 2*500'IE+30 - 2s3OO0E+OO 403320--1 8*2034E-10

10 2*0001,,E*O - 1*3000E+00 7*4281E-1O 6,334SE-1Q
It lo'50E7+03 - 1*.000E400 5*603S)E-10 5*2846E-iO
12 1.ooooE-+00 - 7.00atO-a1 4o2393E-10 3.8505E-ig
£3 7*0000E-OI - '..5000E-0I 2e9695E-t0 297122E-i0
V# 4.503O0E-9i - 3.0060E-01 t*9283E-tO i?772E-i0
15 3. 060E31I - 1.5O-10E-el 1,0770E10-t i *454E-iG
16 t*5O00JE-ai 1.100E-oi 4*9383E-1I beS510E-il
17 i.0003E-Ot - 7-9010E-0? 3.4315E-ii 7o985'4E-1i
18 7* 030:)E-~32 - 4.3000E-02 2.,9479E-it £.4543E-10
19 '495009'E-02 - 3,00OOE-02 4.3750E-11. 3.'441lE-iOJ
?0 3 .a0 -3 2 - 2.JOOOE.-02 4*6647E-11 Bo2679E-10

21 2.U00GOE-032 - I1'JOE-0 2 3*2504E-10 2*6493E.-09
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3. DESCRIPTION OF RUNS

A summary of the 15 MORSAIR runs made for this study is

shown in table 5. In addition to the homogeneous atmosphere

runs, eight runs were made using the fission source in real

air at altitudes from 5 to 80 kilometers, and five thermo-

nuclear source runs were made at altitudes from 20 to 80

kilometers. A minimum of 50,000 initial neutron histories

were followed for each run, and the secondary gamma production

rate was adjusted so that approximately the same number of

gammas was produced in each run. For the lower altitude

and homogeneous runs, the computer time required for 50,000

histories was greater than 30 minutes of CDC 7600 execution

time. At the higher altitudes an appreciable number of the

neutrorsand secondary gammas escape out the "top" of the

atmosphere after a few scatterings so that as many as 150,000

initial neutrons and approximately the same number of sec-

ondary gammas could be followed in less than 30 minutes.

A time cutoff of 20 seconds was used for each neutron

history. This ensured that almost no neutrons were lost

because of this cutoff.

The atmosphere model used in MORSAIR provides for a

continuously varying density from sea level to 200 kilometers

and very closely approximates the 1962 Standard Atmosphere

model (ref. 7). Above 200 kilometers, a void is assumed and

particles reaching this altitude are allowed to escape. The

lateral extent of the atmosphere varied with each run to
provide a large buffer beyond the last detectors of interest

at each sampling altitude. This ensured that lateral leakage

effects on the results would be negligible. Any particle

reaching theground (which only a very few did) was terminated.
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Particle histories were terminated primarily because they

escaped from the top of the atmosphere or their weight
became so small that they could not contribute a significant

score at any detector.

Ni
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SECTION III

RESULTS

1. HOMOGENEOUS ONE-DIMENSIONAL TRANSPORT DATA

* The one-dimensional homogeneous air neutron and secondary

gamma transport data used as a basis of comparison in this

report were provided by AFWL (ref. 12). These data were

generated by appropriate source spectrum weighting of Murphy's

fits to Burgio's ANISN results (ref. 11). The resulting 47R

dose data were then fit to the equation:

in 47TR 2 Dose = A + Bx + Cx2 + Dx3/ 2 + Ex1/ 2 + Fx1/ 3 + G in x

for 0.1 < x < 300 gm/cm
2

2where x is the mass range of air or areal density in gm/cm

The seven coefficients representing the fits to the neutron

and secondary gamma homogeneous atmosphere data are tabulated

in Appendix A for the two spectra and three dose response

functions used in this study.

For very small areal densities, between 0.0 and 0.1

gm/cm2 of air which are of interest particularly at very

high altitudes, a linear interpolation between the fitted
2 2 2ANISN 47rR dose at 0.1 gm/cm and the uncollided 47R dose

(i.e., the sum over all energy groups of the products of the

source fractions and dose response functions) at zero mass
2

range was used to find the 4wR 2 neutron doses. This method

is commonly used in mass integral scaling codes to define

atmospheric neutron environments at small mass ranges. A

similar interpolation technique was used for the secondary

gammas between zero and 0.1 gm/cm 2 of air, except in this

case a 4rR2 dose value of zero was used at zero mass range.

*See footnote on page 35 for a definition of mass range.
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The same energy groups, cross sections, sources, and

dose response functions described earlier for the MORSAIR

runs were used in the uniform air calculations.

2. MORSAIR VERIFICATION IN HOMOGENEOUS AIR

An option exists in the MORSAIR code to replace the

variable density atmosphere model with a homogeneous atmosphere

model. As an initial check on the scoring and tracking

techniques employed in the code, one run for both the thermo-
nuclear and the fission source spectrum was made using this

option. It was anticipated that the results of such a run

would agree with the one-dimensional ANISN infinite air

results provided by AFWL from Burgio's calculations using

the same spectra and response functions. Figures C-1 and

C-3 of Appendix C show that for all sampling altitudes the
difference between the fits of the ANISN homogeneous data

and fits of the two-dimensional MORSAIR homogeneous data is

less than 15 percent out to 100 gm/cm 2 and within 25 percent

out to 200 gm/cm2 for a fission source. Similar results for

a thermonuclear source are shown in figures C-49 and C-51 of

Appendix C. It should be emphasized that the solid lines

shown in these and other figures of Appendix C represent the

fitted one-dimensional homogeneous air ANISN d. j, and the points

are calculated from the fits of the MORSAIR data. It should

also be pointed out that in the figures immediately following

those mentioned above, namely figures C-2, C-4, C-50, and

C-52 of Appendix C, the K-factors presented are actually ratios of
fits of the homogeneous MORSAIR data to the ANISN data. All

of the data in Appendix C is presented in this manner, i.e., the
fitted homogeneous and real air data are shown first followed

by the K-factors calculated from this data for each MORSAIR

41 run. The differences between the ANISN and MORSAIR results

for a homogeneous atmosphere are within the statistical
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uncertainties of the MORSAIR data for these runs, and it was

concluded that the MORSAIR tracking and scoring methods were

correct.

3. STATISTICAL UNCERTAINTIES IN THE MORSAIR DATA

At the lowest source altitudes, the 50,000 neutron and

secondary gamma histories resulted in standard deviations in
2

the total doses of less than 15 percent out to 100 gm/cm , and
less 2less than 25 percent to 200 gm/cm in most cases. At source

altitudes above 20 kilometers, the expectation boundary

crossing scoring method is more efficient, and the statis-

tical uncertainties in the data were somewhat less.

4. FITS TO THE MORSAIR DATA

To smooth the MORSAIR Monte Carlo results and to reduce

the quantity of data to a more usable form consistent with

the one-dimensional results, all of the 4 R2 doses were fit

to the same seven parameter equation in areal density

described above. For the MORSAIR data, it was found that

dropping the last term, G ln x, did not affect the accuracy

of the fits significantly and in some cases resulted in a

V slight improvement in the fit. For this reason, only six

coefficients are used in the fits to the MORSAIR data shown

in Appendix B.

4The technique used to fit the data was a standard linear

weighted least squares technique such as described in reference

13. The fitting method, it should be noted, was applied to the

logarithm of the 4nR 2 dose data where each data point was given

a weight inversely proportional to the square of the logarithmic

uncertainty in the MORSAIR data point. Any data point with a
standard deviation greater than 50 percent was deleted before

the fit was applied. The number of points removed for this

reason was small for areal densities less than 200 gm/cm
2
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The fit coefficients for each run are tabulated in Appendix

B. In addition, the range (in terms of minimum and maximum

areal densities) over which the fit applies is shown. The last

column in the tables, "RMS PCT DIFF", is the weighted root mean

square percentage difference between the fit data and the

actual MORSAIR data, i.e.,

E. W. y.2"RMS PCT DIFF" 1 i 1 100

ziWi

where Y. 4 ln 74R2 actual MORSAIR dose-
wr L41iR fit MORSAIR dose

and the weight, Wi , was defined as:

" W. = n (1 + a

where ai = fractional standard deviation of the
MORSAIR dose.

As an example of the adequacy of the six parameter fit

to represent the data, figure 1 shows both the actual MORSAIR

data points and the values calculated from the fit for

coaltitude neutron silicon doses from a thermonuclear source

at 20 and 40 kilometers. Figure 2 shows the MORSAIR data

points and the fit for the secondary gamma silicon dose. In

general, it was found that this fitting technique resulted

in a reasonably good representation of the actual data.

V

5. THE K-FACTOR

The adequacy of mass integral scaling of uniform air

results to define real air environments can be conveniently

described in terms of a K-factor which was first used by

31
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Figure 1. MORSAIR Data Points and the Fit to the Data Points
for 4rR2 Neutron Silicon Dose, Coaltitude Sampling
from 20 and 40 km Thermonuclear Sources
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Marcum in his early high altitude transport studies (refs.

2, 3). The K--factor as used in this report is defined as

The 4wR 2 dose at a detector as calculated in a
"real" variable density atmosphere (from fits to

MORSAIR data in this case)K-factor Z-
The 4wR dose received at the detector as cal-
culated in homogeneous one-dimensional infinite
air (from fits to the ANISN data in this case)

The K-factor, then, is a direct measure of the error

associated with mass integral scaling of infinite air data

due to the variable density nature of the atmosphere and can

be used as multiplicative correction factor to the scaled

data. A K-factor of 0.5, for example, indicates that in the

real atmosphere the dose received is only one half of the

dose that would be predicted by scaling methods.

Marcum's early studies and more recently those of Keith

(ref. 1) and others (refs. 14, 15) have shown that the neutron

*K-factor is a function of source altitude, detector altitude,

slant range, source energy, and the dose response function.

The neutron K-factor, it has been shown, can vary from less

than .1 at high source altitudes to greater than 5 for

V detectors below the source and at large areal densities. It

is believed that while this study is more extensive in terms
I of the number of calculations performed and the range of

altitudes and mass ranges covered, the data trends shown in

this report for neutrons are in substantial agreement with

the earlier data of Marcum and Keith. No previous attempts

to calculate the transport of secondary gammas in a real

atmosphere have been published.

Although there are many situations of practical interest

in which the K-factor is near unity so that scaling results

in small errors, there are also situations in which large

41.
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A

errors can result from neglecting variable density effects.

It is hoped that the data presented in this report will

allow a user to recognize those situations where scaling may

be inaccurate.

2
In Appendix C, the 4wR silicon dose and the silicon K-

factor are plotted as a function of areal density for each

of the MORSAIR runs. The trends of the silicon dose K-factors,

as will be shown in section IV, are similar to those of the

tissue dose and the total fluence K-factors so that in the

interest of brevity, only the silicon dose and K-factor plots

are shown.

Definition of Mass Range (RHOR):

In homogeneous air,

RHOR = p(zs)R

'and in 2-D real air,

RHOR = 0 P(z)dR

where

p(z) = density as a function of altitude;

p(zs) = density at source altitude (zs);

R = slant range between the source and a receiver point.
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SECTION IV

DISCUSSION

The K-factor, as defined previously, can be considered

.1 as a multiplicative correction factor to be applied to the

scaled homogeneous air dose to account for the transport of

neutrons and secondary gammas in the real variable density

*atmosphere. Since many computer codes used to predict neutron

; and secondary gamma environments in the atmosphere (such as

ATR and SMAUG) use the method of mass integral scaling of

homogeneous air transport data, it is believed that presenting

the MORSAIR results in terms of K-factors allows a direct

means of assessing the accuracy of these codes for source

spectra similar to those used in this study.

The results of this study show that the K-factor is a

complicated function of several parameters. In this section

the dependence of the K-factor and therefore the validity of

mass integral scaling of homogeneous air data on these

parameters is described in a qualitative manner. A detailed

explanation of the differences in the transport of neutrons

and secondary gammas in homogeneous air and in a variable

density atmosphere was beyond the scope of this effort.

1. K-FACTOR DEPENDENCE ON ALTITUDE AND MASS RANGE

In general as the source or detector altitude increases,

more particles escape out the top of the atmosphere. Therefore,

when compared to the mass integral scaled dose, the dose in

a real atmosphere can be substantially less. This leakage

effect has been demonstrated in many high altitude transport

calculations. Figure 3 shows the coaltitude neutron K-factors

for silicon at several source altitudes as calculated by MORSAIR
2for a fission source. For a detector at 40 gm/cm from the

source, the neutron K-factor is nearly unity for sources below
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20 kilometers, decreases to about 0.5 for a source at 30

kilometers, and is less than 0.2 for a 40 kilometer source

altitude. The secondary gamma silicon K-factors exhibit a

similar behavior as shown in figure 4, except the K-factors

fall off even more at the higher source altitudes. Similar

trends in the K-factors occur if the source altitude remains

constant and the detector altitude changes as shown in

figures C-27 and C-29 of Appendix C, for example.

In addition to this expected decrease with source and

detector altitude due to leakage effects, it is also obvious

from figures 3 and 4 that the K-factors are a strong function

of the amount of air (areal density) between the source and

detector. For detectors coaltitude with the source, the K-

factor at high altitudes decreases monotonically as the

areal density increases, but at the 20 and .-0 kilometer

source altitudes, the K-factor curve is more complicated.

Figure 3 shows that for these source altitudes, the

neutron K-factor initially decreases with mass range as it

does at higher altitudes due to leakage of particles from

the atmosphere. At mass ranges of 80 to 100 gm/cm 2 , however,

the neutron K-factor begins to increase and at very large mass

ranges it can be greater than 4 indicating that at these

large ranges the actual dose can be more than four times the

dose that is predicted by scaling the homogeneous transport

data. This dose enhancement has been observed in earlier

results (ref. 1), and is apparently due to the fact that a

substantial number of the neutrons which arrive at these
A detectors at large mass ranges travel large distances in the

lower density air above the detector and thus traverse less

air than is predicted by the simple straight line mass integral

between the source and the detector. They are therefore

attenuated less than what would be predicted by the scaled

38
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homogeneous atmosphere results. This effect has been

referred to as a "short circuiting" (ref. 15) or "mass

distribution" (ref. 14) effect. While it is most apparent

for detectors coaltitude and below the source at large mass

ranges, this effect also occurs to a lesser extent for

detectors above the source at large distances as is apparent

from figure C-18, for example.

2. K-FACTOR DEPENDENCE ON DOSE RESPONSE FUNCTIONS

The reduction or enhancement of the neutron dose in the

real variable density atmosphere over the mass integral scaled

dose depends not only on the source and detector altitudes

as shown previously, but also on the dose response function

used. For a source at 20 kilometers, it is shown in figure

5 that the neutron K-factors for the silicon and tissue

doses and the total fluence are similar for sampling altitudes

coaltitude with the source. At 40 kilometers, however, figure

5 shows that the neutron K-factors can be quite different,

with the tissue dose K-factor being only half as large as the

silicon K-factor, and the K-factor for fluence even smaller.

These differences in the K-factors at high altitude are

related to the fact that the response functions are different

and the energy spectrum arriving at a detector in the real

atmosphere can be quite different from the spectrum calculated

in homogeneous air at the same areal density. From this

example it is clear that the neutron real air effects depend

strongly on the dose response function used to weight the

neutron fluence.

While the secondary gamma K-factors are strong functions

of source altitude and mass range from the source as shown in

40
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figure 6, they are not so dependent on the response functions

as was the case for neutrons.

3. K-FACTOR DEPENDENCE ON SOURCE SPECTRUM

In figure 7 the coaltitude neutron silicon dose K-factor

is shown for both the thermonuclear and fission source

spectra at source altitudes of 20 and 40 kilometers. At 20

kilometers, the differences between the two K-factors are

small at all areal densities, despite the fact that the two

initial emitted spectra are quite different. At 40 kilometers,

however, the silicon dose K-factors for the thermonuclear

source are much larger than the K-factors for the fission
2 2

source at areal densities less than 70 gm/cm At 40 gm/cm

for example, the coaltitude neutron silicon K-factor for a

thermonuclear source spectrum is twice as large as the K-

factor for a fission source. Similar results for the

secondary gamma doses are shown in figure 8. At 60 gm/cm2

the silicon K-factor for secondary gammas from a thermonuclear

source is less than one-third of the silicon dose K-factor

from a fission source spectrum coaltitude from a source at

40 kilometers. At 20 kilometers, however, the secondary

gamma K-factors are nearly identical.

It is apparent from figures 7 and 8 that mass integral

scaling can lead to very large errors in the neutron and

secondary gamma environments in the atmosphere, and that the

magnitude of these errors depends rather strongly on the

source spectrum. In general, the K-factors for the fission

source are less than those for a thermonuclear source indicating

the scaling errors for this source spectrum are even greater

than they are for a thermonuclear source.
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4. SECONDARY GAMMA K-FACTORS AT SMALL MASS RANGES

There is one feature of the results for secondary gamma

doses at the highest altitudes, 60 kilometers and above,

that deserves an additional comment. Figure C-84 in Appendix

C is a good example of this data for the case of a thermo-

nuclear source at 80 kilometers. The silicon K-factors for

the higher sampling altitudes are very large at low mass

ranges. The K-factor, as was pointed out in section 3, is

the ratio of the 4rR2 dose in real air to the 4 R2 dose in

homogeneous air. The homogeneous results for this study

were based on ANISN code calculations. Because of the

uncertainties in these results at small mass ranges, most

scaling codes use an interpolation method between 0.0 and
2

about 1.0 gm/cm2 . Such a method was used to produce the

homogeneous data shown in Appendix A. No such approximations

or assumptions were necessary in the MORSAIR results. So it

should be noted that while the K-factors at these small mass

ranges may not necessarily reflect differences between the

homogeneous and real air results, they do reflect differences

between the real air results and those from typical scaling

codes.
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SECTION V

SUMMARY AND CONCLUSIONS

In this report we have presented the results of 15

MORSAIR Monte Carlo code calculations of neutron and secondary

gamma transport in a real variable density atmosphere. The

two source spectra used in these calculations were an unclassified

fission spectrum and an unclassified thermonuclear spectrum.

The source altitudes varied from 5 to 80 kilometers and the

energy dependent particle fluences were scored at more than

150 detectors located about the source for each run. The

spectrum at each detector was weighted with fluence, silicon, and
2tissue dose response functions. The 4TR dose data has been

fit to a seven parameter equation in areal density at each

sampling altitude of the MORSAIR run. Coefficients of these

fits and plots of the silicon dose and K-factors have been

presented. We have shown how the K-factor, the correction

to the scaled homogeneous transport data to account for

variable density atmosphere effects, depends on several

parameters.

As stated at the outset, the objective of this study

was to provide data which would lend some insight into the

accuracy of mass integral scaling of homogeneous air transport

data at highaltitudes. The data presented in this report

demonstrate that mass integral scaling can lead to large

errors particularly for source altitudes greater than 20

kilometers. We believe these data can serve as the basis of

an algorithm for predicting the correction to the mass integral

scaled dose for sources and response functions similar to those

used in this study.
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APPENDIX A

ANISN HOMOGENEOUS AIR DATA

This appendix contains the coefficients of the fits to

the neutron and secondary gamma transport ANISN code results

provided by AFWL (ref. 12). The data was fit to the equation

2 2 3/ 1/ 13in (47TR Dose) = A + Bx + Cx2 + Dx 3/ 2 + Ex1 / 2 + Fx 1 3 + G in x

/' where x is the mass range in gm/cm

The coefficients of this fit for the different doses and

sources are shown in Table 6.

The 4wR doses and fluences as calculated using these

fits for both neutrons and secondary gammas have been plotted

for the two source spectra in figures A-I through A-6.

'A
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APPENDIX B

FITS OF MORSAIR REAL AIR DATA

This appendix contains the results of a weighted least

squares fit to the MORSAIR data. For each of the 15 MORSAIR

runs, the Zollowing data is given at each sampling altitude:

1. The sampling altitude in kilometers.

2. The dose response function.

3. The minimum and maximum mass ranges at which the

fit is considered valid.

1 4. The coefficients to the fit equation:

23
in (4rR2 Dose) = A + Bx + Cx 2 + Dx3 2 + ExI / 2 + Fx I / 3 + G in x

where x is the mass range in gm/cm
2

5. The root mean square percentage difference between
I the fit values and the actual MORSAIR data.

These data are shown for both the neutron and secondary

gammas.
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V1

APPENDIX C

MORSAIR SILICON DOSES AND K-FACTORS

For each of the 15 MORSAIR runs, this appendix contains

the computer plotted results of:

1. The fit of the MORSAIR 4YR 2 silicon dose versus

the mass range ("RHOR" in the figures). The

different point symbols were calculated from the

fits to the MORSAIR data, and the solid line is

the fit of the one-dimensional ANISN data.

2. The silicon dose K-factors as a function of

mass range at each sampling altitude.

In order to reduce the number of plots, several sampling

altitudes have been combined on a single figure.
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RUN NO. 1 FISSION SOURCE
SOURCE ALTITUDE- '1s015 KM NEUTRONS RADS-SILICON

lffma

1", I

-J

.-.

(.

U I

0as00 '000 8Ko0 12@000 15o000 20000 24000
RHOR G/C12 (XlO)'

F1(,Uk_ C- I moKSLK FIT DATA-4PIR**2 NEUTRON SI DOSE,

FISSIO14 SOURCE 1N HOMO AIR AT 4.0 KM.

ALL SAMPLI4G ALTITUDES

s71



RUN NO. 1 FISSION SOURCE
SOURCE ALTITUDE-w 4*015 KM .NEUTRONS RADS-SILICON

.3@03 KH
A. %1025 0

0s

10-11

RHOR /CM2(Xio) 1

FIfGURz 6,- 4URSA3IR FIT DATA-NEU1.sZON SILICON K-FAVrOR
L10 14~ SOURCE IN HOH1U AIR AT 4. KM.

ALL ;ABPLING AL.TITUDES



RUN NOm 1 FISSION SOURCE
SOURCE ALT ITUDE= 4015 KM SEC GAMMAS RADS-SILICON

on.&3 KH

+U w'6j915 KM

z

0+

lc1
I-'

it&

I N~

'17



RUN NO. 1 FISSION SOURCE

SOURCE ALTITUDE= 44015 KM SEC GAMMAS RAOS-SILICON
10 I I '

~*ms 3.I14 KIM
ell O" 383 Im

As 16015 KH

z

0

s-,4

_1

0.00 'l000 1% 000 12.000 18.000 20.00 MOM00
RHOR G/CM2 (X1O)1 I

FIGuRE:- U- 4. MOKSAIR FIT UATA-GAfIIA SILICON K(-FACTO'R,
FISSIONi SOURCE IN HO~MO AIR AT 4.0 KM.
I ,L

7-9- '1

-
- . '4 3



RUN NOo 2 FISSION SOURCESOURE ATITUJE- 56000 K~M NEUTRONS RADS-SILICON

MmI
aji 404 K .
AstOW0

+= 6 gl-J

cm

F+

+ +

DO12wkw AmW l 0 2M.00 M'OMORHOR G/CM2 (l~

FIGURE C- l' ur,,GI- FIT DATA-4PIR*'2 14LUTRON S1 UOE
FI6SION SUURCE IN RtAL AIR Ar 5*0 KM,
ALL 3AMPL1,14G ALTI.TtJUk



RUJN NOe 2 FISSON SOUCE
SOURCE RLTITUDEs 5s000 KM NEUMflNS RROS-SILICON

0 .8KN

L-

10-1

o.000 4800 89000 11.000 181000 20800 M'OOD

FIGURE 0- 4OiRSAlR FIT DATA-NEUTRO-N SILICON K-FACTOIR
FISSION SOU~dL IN R~EAL AIR AT 5.oD KM.
ALL SAMPLING ALTrTUOES



.7RUN NO. 2 FISSION SOURCE
SOURCE ALTITUDE" 5&000 KM SEC GAMMAS.RADS-SILJCON

Sa H

Un561KF

N+
U+

0 +
L) +I

.4+

1u+
D.0~) bOG 8.00 2.00 8.00 2.00 2'0+

*I RHOI I/M (XO

rY .~~C O~I I AT-gI~ A~AS OE
rI~f(3 S(~t~t~ N RAL IR T ~(+

a- AIP1GATIiU:

Lil 1



'RUN NO. 2 FISSION SOURCE
SOURCE ALTITUDE= 5.000 KM SEC GAMMAS RADS-SILICON

0

A 

.m6sS64K

+A+ ++++++++++++

roA l kg I

z _ftAh .. o

0 ao sw &W 1so 6 6M 2O

SAL A MLN TTDS

10 A83



RUN NO. 3 FISSION SOURCE
SOURCE ALTITUDE- 10.000 IKM NEUTRONS RAOS-SILICON

0*1

m7sM6 KM

A,:1O6035 K"

-

\Ak l

alo

2%0O 4o O
RHRG/M JI~

FI U.S4 4 R A P F T D TA 4 I * 2 N U R N S O E

FISO OUC NRLLARA
AL APIG LIUE

icr14



RUN NO. 3 FISSION SOURCE
SOURCE .RLTITUDEn 10.000 KM NEUTRONS RADS-SILICON

+'12aJYd KM

0

1-4

c0 o
I.-4 + + + + +

AA

10-1

1.00 8.00 12.000 lBOGO 20a.OW 24m OW
RHOR G/CM2 (x 1O)

FIGUtRE C-iu M1WRSAIR FIT D4TA-NEUTROtJ SILICON K-FACTOR
F LSSIOI SOUR~CE IN REAL AIR AT 10.0 KN.
ALL. SAMPLING ALTITUD.:S

.~L .~ .- .t~ . . . .- .' .

-



RUN NO. 3 FISSION -SOURCE
SOUCEALTITUDEW 10m000 KM SEC GAMMAS' RADS-SI LI CON

I I I I M

LAA

0.7.'I K
cmWIK

Ksa

iLOISK

8-86



RUN NO. 3 FISSION SOURCE
SOURCE ALTITUDE= 10.000 IKM SEC GRI*IS RADS-SILICON

1O

m. 7@W IM KM

z
0

b-4

IX 1

A

A io A A A (t

10'
08000 40Wo kow1c w ikom am00 2%O00

RHOR G/CM2 (I~

FIUR C12MOSIRIT DATA-GAMMA SILICON K-FACTO., X1)
FIGURE C I MCSIR FSUURCE IN RE:AL AIR AT 10.0 KM.

ALL JAMPLING ALTITUOC:S

17



RUN NOs q FISSION SOURCE
SOURCE ALTITUDE= 15,,000 K~M NEUTRONS RADS-SILICON

Mw+'17.55 KH

z

b-4

6

a -

(IO

Dm~~ RHOR G/CM2 (1)

Fi1L,U~<L C-1 ;4ct<SgIiK FIT flATA-4PI- *2 NEUT1RUN SI JOSE,.
FISSION SOUkRCE: IN REAL AIR AT 15*0 4Mo
ALL SAMI.PL1ING ALTITUDiS

L8



RUN NO. 'i FISSION SOURCE
SOURCE ALTITUDEs 15.000 KM NEUTRONS RADS-SILICON

*a = 15m 293 KH
+ u17a385 KM
X=23.8S3 KH

**25o 512 KM4

6-4

- e#VIL

1I.o IL00 26M 2O

* ANOR G/CM2 (X1O)1

FI&URL. U-14 MURSAlR F:T DATA-NEUTRON SILICON K-FACTOR
F 1ILIN SUUNCL IN RUAL AIR~ AT 1590I 4M#
ALL SAMPLING ALTITUDES

d9



RUN NO. 'I FISSION SOURCE
SOURCE ALTITUDE= 15s000 K~M SEC GAMMAS RADS-SIL ICON

+ a17a 305 KM
Xw1.SS3 KM
*m25s 512 NN

z+
Mcr.

-m('J G/M2 aX

0.3



RUN NO. 'i FISSION SOURCE
SOURCE RLTITUDE- 15.000 KM SEC GRHMRS RADS-SILICON

10-

M n 138295 KM
A-15 29l3 N4

+a17a305 KN
X,,2IsrB3 KM
* 5532 KM

z
00 O

6-4

e e  e0° + + _-

l1o
'= ,

iO* 3

oco 'co %.sa 12.000 18.000 20M 2mWi
RHOR G/CM2 (XIO)1

FIGURE C-l6 MORSAIR FIT DATA-GANA SILICON K-FACTOR,
'FISSION SOURCE IN REAL,.AIR AT 15.0 KM.
ALL SAMPLING ALTITUDES

4. 91



RUN 'NOm 5 FISSION SOURCE
SOURCE ALTITUDE= 20m000.KM NEUTRONS, ADS-SILICON

As 'I849 KH
A-20m810 KM

K+22&061 KM

*X*m34.715 KM *
icrll~

rz
IL

(~x
ul

x0~x
UX cr- 4+

A * 44

Do 8aMm 12a000 M8000 20.000 244.00
RHOR G/CM2 (X1O)1

FIGURL C-17 ?ORSAIR FiT DATA-4PIR*#2 NEUTRON SI UOSE,
FISSION SOURCE IN Rc.AL AIR AT 2090 KM.
ALL ),AMPLLNG ALTITUDECS

42
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RUN NO, 5 FISSION SOURCE
SOURCE RLTITUDE- 20000 KH NEUTRONS RADS-SILICON

10'

*.12oWI NN

+=2081 KIM
x21L 130 K "

+

21+ +

++ A./ + see*

I00

10- od

om 4o 000 0o0 l,00 Isla 20000 2@000
RHOR G/CM2 (XlO) L

FGURc= C-L8 ORSAIR FIT UATA-NEUTRONI SILICON K-FACTOR
FISiSION SOURCE I N R-AL AIR Ar 20.3 Km,
ALL AMPLIN4G ALTITJDES

.J 3

.-p -* : : " ... . . ' . . .' . ." , . ... . . . L , . .. , ,. .. ... .. . , . " " " 
'



L:RUN -NOs 5 'FISSION SOURCE
SOURCE ALTITUDE= MOM IKM SEC GAMMAS RADS-SILICON

1010. K
+.20iI

+ +42061 KNM

++

talk
L) A %6-4

icr S

Il + +

AtIOR G/CM2 (Xio)1

FIGURE G-1-9 HOR! Ali<'F-IT DATA-4FIR"*? GAMMIA Si [JOSE,
FISS1014 SOUR.CE IN REAL AIR AT 2CG,0 4M.
ALL SAMPLlNG ALTITUD-S
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RUN NOs 5 FISSION SOURCE
SOURCE RLTITUOEU 206000 KK SEC GANNAS RADS-SILICON

+o22@061 KM

*311.735 NN

L)
U

+

+ + - +A*

X X~jo

FIG~L C-0 4OS~lkFITDATA-GAMlIA SILICON K-FACTOR.
FISSION SUURCE IN REAL AIR AT 20.0 KH#
A&LL SAMPLING ALTITUDOES

____________________ ________________ _________45~



MUN NOe 6 FISSION SaURm
SOUCE RLTITUDEm 30.000 KM NEUTRIONS PADS-SILICON

6 &u3M.0 IM1714 +=4&0 Km
s0m0 Km

1a 4 a

tw Il

ip

01000 'hON ODD0 12.000. L6000 20.000 24#000
RMO G/C142 tXlO31

FIGURE. G-?i 4OmSAIR FIt DATA-4PIR**2 NEUTRON SI UOSE,
Fai~Sfut4 SOURCE IN REAL AIR AT 3O.C Kti.
ALL :5iMPLING ALTITUO--S

96
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'Y -T'm

RUN NO. 6 FISSION SOURCE

SOURCE RLTITUOE. M0A00 KM NEUTRONS RADS-SIL ICON

o-20.0 KH

&-slo KM

XmB040 KM

0m00K

4.-

0
0.00 &.00 .00 1.00 8.00 0.00 'I0+

mIO /M X1)
u- UR C-t +'OSI I AANUTO IIO -ATf

FISSON SURCEIN EAL I~ A 30. 4N

ALL .AML~tG ATITO XF _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __6_'+



RUN NO. 6 FISSION SOURCE
SOURCE ALTITUDE- 30.000 KM SEC GAMMAS RADS-SILICONicr-o

-150 KM
a"2 0 0 KN
A-3.O KM

. • • +460 0 KI

*-mJO KM
+0

ox +

V4. ,

+£

U4.

+ _ _ _ _ _

4.

4-

*i

a|%000 12.000 1600 20 2'=
RHOR G/CM2 (X1O)l

FIGURL t-23 MORSAmI. FIT DATA-qVIR. ' GAMMA SI oOSE,
FISSION SOURCE IN REAL AIR AT 50.0 KM.
ALL SAMPLING ALTITUOES

- . .



RUN NO, 6 FISSION SOURCE
SOURCE ALTITUDE- 30s000 KM SEC GAMMAS RADS-SILICON

10

e)=2040 KH
• o*+- :m, K "

,, .. & insm0 KN

AA

+ AA

A- A AQ, 
A A

-J 4. +

1-

u,,, 4-

LL. +-
+ ,

,' 0,g,4,

0.000 q,0 6000 12.0 is#=0 20000 24#00
RHOR G/CM2 (XIO)i

FIGURC 0-24. MORSAIR FIT DArA-GAH;4A SILICON K-FACTOR,
FISSION SOURCL !N REAL AIR AT 30.0 KM.ALL ';AMPLING ALTITUUiS

14



4RUN NO. 7 FISSION SOURCE
SOURCE ALTITUDE= 40.000 KM NEUTRONS RADS-SILICON

iflin040 KM
+ =60o 0 KM

10( 0~O KM

z A

b-.4
_j

Q m
Cc

~~19

a-

0.000 '&.000 8.000 12.000 16.000 20.000 2'4s0O0
RHOR G/CM2 (x103'

FiGUR.. .,-, MNSAiR Fir LATA-4PLR**2 NEUTRON SI UOSE,,
F ISS IOM SOUR<CE IN RcAL AIR A~T 40 KM.
ALL .AMPLING ALTITUDES

f 100



HUN NO. 7 FISSION SOURCE
SOURCE ALTITUDE= qo.o0 KM NEUTRONS RADS-SILICON

I I I 0 I ,

&.4mo0 KM
+=M0NO KH+=aO KM

*-100,0 KM

7 - 10

ma

(j*) a m a m 

o A

C.)

cr

310- AA
4._1

-2 I I

10 o 100 O 12.000 M8.000 000 24.0

RHOR G/CM2 (Xlo)

FIGURE .- 2b MURSAlk FIT DATA-NEUTRON SILICON K-FACTOR
FISSIONJ SOURCE IN REAL AIR AT 40.0 KM4.
ALL 1AfPLING ALTITUDES
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HUN NOm 7 FISSION SOURCE
SOURCE ALTITUDE= 40.000 KM SEC GAMMAS RADS-SILICON

IguM .0 KM
a&30.0 KM
&-40.0 KM
+ =600.0 KM
X.80.0 KM

0 *-lOO. KM

z0

ILAD

I3 0

0 A

+ A

+0

+
-~~ +0

AA

0.000 '&.000 8.000 12.00 16.000 20.0OW 2%&000
RHOR G/CM2 (XlO)'

FIGURL ',27 MORSAI-, FIT DATA-4P1.*02 GAMMIA SI OOSEv
FISSIONI SOURCL IN RZAL AIR-AT 40.0 KN.
A fLL SAMPLING ALTITUDES
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RUN NOm 7 FISSION SOURCE
SOURCE ALT ITUDE= 40~b'000 KM SEC GAMMAS RADS-SIL ICON

('300 KA n•-s0, Km,

+-600 KM
Xn80O KM
*40.0o K"x-00

gzlo

_3
cr.4.

Cc)

U--

10-2

a: .

€..00

00000 600 8000 12 W 0s002N000 2100

10 0

j 4A 0000

A

dA

RHOR G/CM2 (XiO)'

FIGURL C-28 ,OkSAIR FIT DATA-GAMMA SILICON K-FACTOR,
FISSION SOURCE IN kLAL AIR AT 40.0 KM.
AL.L SAMPLING ALTITUO.S



RUN NOm 8 FISSION SOURCE
SOURCE RLTITUDE= 60.6000 KM. NEUTRONS 9RDS-SILICON

4lull

0=4080 KM

yz

C3S

cc a
C1

* 0

00

0~m
* 0

1004



RUN NO. 8 FISSION SOURCE
SOURCE ALTITUDE= 60.000 KM NEUTRONS 9ADS-SILICON

K.10II I

• m=20, 01

K4
p 0m

S

e
0

0 mm

100

Go G#No*

SAPLN ALI5t 20 AN 1

0.000 2.0 .0 800 800 1000 1.0
R-OR G/CM2 r~~miO)Q

m ®

FIUEC3 OSI I AANURNSLCNKFCO
FJ¢O ORr.I LLAR TbIO~
SAILN ® ~U~~ N oat

IAI.

Iji; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



RUN NO. 8 FISSION SOURCE
SOURCE ALTITUDE= 606'000 KM 'SEC GAMMAS RADS-SIL ICON

-val

(04M0 0

Cl)
0r

0-0

Do 000 2@000 1.000 si000 81000 108000 12s OU
RHOR G/CM2 0(10)'

FIGUR: -j 'OXS4IK Fir DATA-4PIk4#2 GAMMA SI jj~e
FI.SfON SOURC. IN RLAL AIR AT 60.0 4M,
)AiIPLIIUG ALTITU~rS 2- AiIL) 4, KM.

lJb



RUN NOa 8 FISSION SOURCE
SOURCE ALTITUDE- 60.000 KM. 9EC GAMMAS RADS-SILICON

0-20.0 K4
at&0.0 Km

-.

100

0e

10



RUN NO. 8 FISSION SOURCE
SOURCE ALTITUDE= 6M00 K~M NEUTRONS 9ADS-SILICON

ee

z
0m

aI
U)
Cl)

ccJ

o0 00 20000X 4000 000 84000 10.000 12CXOW

HHOR G/CM2

FIGUflS G-jJ M~t<SA41f FIT UATA-4Pf, **2 NEUTR.UN S! OSE,
Fissrot, SOURCE IN REAL AIR AT bu*U 'V4.
SAMiPLING ALTIl 09E.; uu,80,100, ANDO 12b Kli.



RUN NO. 8 FISSION SOURCE

SOUCEALTITUDE= 60.000 KM NEUTRONS 9ADS-SILICON10 1fiSD0

Gom(). K"

+=12(60 KM

cr I

u- a

lo

RHOR G/CM2

F-IGUkz 6-34 MlUXSMAl< FIT OATA-NLUTRO.N SILICON K-FAGTO,
F I .s 10N SOURC c IN REAL AIR AT 60.0 :KM.
zAfiPLINlG ALTtTUM)S b,8aIOU, ANDJ 120 Kl.



RUN NOm 8 F-ISS ION SOURCE
SOURCE ALT ITUDE= 60.000 IKM SEC GAMMAS RAOS-S IL ICON

+-12(60 KH

-4

c-

a-

090 2000 400 800100 100 120a

0HRG/M

mm APFTDT-PP*2GMAS OE
ml-SO ORkI RA I T6# M

L X-
.)M L N L I0'S ) 909luPA4,1 UK

oiU



RUN NO. 8 FISSION SOURCE
SOURCE ALTITUDE= 60.000 KM SEC GAtIMAS RADS-SIL ICON

10 1 1

A=10(0O KH
+=12(60 KM

z o +

Ceat

100A 0 0
4&

CC 0
e0

10 0

01000 2.00 '1.00 6W00 k 000 1060W 12.000
RHOR G/CM2

FIGUJRE G-46 MORSAIR FIT OATA-GAMMA SILICON K-FACTOR,
FISSION SOURCE IN REAL AIR AT 60.0 0t.
SAMiPLING ALTITUDrS bO,869,I0 ANU 120i 1(1



RUN NOs 9 FISSI 'ON SOURCE

SOURCE ALTITUDE= 80.000 KM NEUTRONS RRDS-SILICON

M-M0s KM

z

C3,

0

0c00r%0
CE G/

C"
U

'-

0_
U

5~. 000 55. 000 60. 000 65. 000 "70,000 75,,000 8, 000
' RHOR G/CM2

FIGURE C-37 MORSAIR FIT DATA-4PIR#,2 NEUTRON SI DOSE9
FISSION SOURCE IN REAL AIR AT 86O0 KM.K' AMPLING ALTITUDES 20 KILOMETERS.

i II ,,



RUN NO. 9 FISSION SOURCE
SOURCE RLTITUDE= 8OO00 KM NEUTRONS RADS-SILICON

10-

W-0.0 K"

z0
C,-)
s-4

cc

t-

0

-

A..

RHOR G/CM2

FI(GURE" G-38 O SAI'. FIT DATA-NEUTRON SILIC;ON K-FACTOR
~T.FISSION SOURCL IN REAL AIIR AT 80,0) igB,

."AriPLING ALTITUOES ZO KILOM1.TLRS.

* i1.5



RUN NOa 9 FISSION SOURCE

SOURCE ALTITUDE= 80O0O KM SEC GAMMAS RADS-SILICON

r I 0I 0 IKM

z
0
-J

Cr)

0m

(I

0;0
nR

SAPIG0 LIUt 0 IOEL

'11

i0 1 '

So, 000 55.,000 50. 000 65. 000 70. 000 75,.000 80. 000
RHOR G/CM2

FLiGUi ., C-,i. OSiAIi FIT DATA-4P1I' #2 (DAMMA SI DIOSE.,
F1.:;S1OI SOURCE IN REAL AIIR AT 80. <M.
SAHP.IiC, ALITU~r.S O IILOMETrRS.

14I)_



RUN NO. 9 FISSION SOURCE
SOURCE ALTITUDE= 80.000 KM SEC GAMMAS RADS-SILICON

4, a

C3)
cr.

0

0 U

I-

0

S.. 0 K

10 -
5

I

RIHOR G/CM2

FIGUREJ .;-. ,ORSAIR FIT DATA-GAMMA SILICON K-FACTOR,
FISSION SOURCE IN REAL AIR AT 80.0 (N.
SAMPLING ALTITUDES ZO KILOMETERS.
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RUN NO. 9 FISSION SOURCE
SOURCE RLTITUDE= 80.000 KM NEUTRONS RRDS-SILICON

lff'0

0 K

a)

z

11-4

C3
cc

m

(-I

0000 5.000 10.000 1S.00 W MOM 25,000 304000
RHOR G/CM2

'i~i FIGJRt G-41t IOSAIR FIT OATA-411PR*2 NEfUTRON SI DIOGE,

• ~~SAMPLING ALTITUDC_-S 40 AND 60,M

. ,' tN



RUN NO0  9 FISSION SOURCE
SOURCE RLTITUDE= 80,00 KM NEUTRONS RRDS-SILICON

C3-416 0 IrM

I0

10

¢r3

-

=14

Iol I

000000 5slow 10000 15,00 20.000 2%0,O :50.000
RHOR G/CM2

FIGdRt C-41 ItORSAIR FlT OATA-PLR *2 NEUTRON SI DOGE,
FISS[OUN SOURCr_ IN R-:AL AIR AT 800 <M.
SAMPLING ALTITUDES 40 AND 60 NM.
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RUN NO. 9 FISSION SOURCE
SOURCE 9LTITUDE= 80.000 KM NEUTRONS RADS-SILICON

10-* IoI I

0)=610 K14

z

--

cr.

CJ')

I I

-

Vi

S0,000 5,000 1000O00 1%.000 2m Go r- 000 3mIX :,000RHOR G/CM2

FIGURE C-42 4 1OSAIx FIT UATA-NEUTRON SILICUN K-FACTOR

FISSION SOURCE IN REAL AIR AT 80.0 <Me
SAMPLING ALTITUDES 140 AND 60 Yt.

lit



RUN NOe 9 FISSION SOURCE
SOURCE ALTITUDE= M0O00 K~M SEC GAMMAS RADS-SILICON

z~o
0
L)

C3
I.
cc

cm

V
Go .0 000U 0' 0 0 oo 3 0

RHUG/M

FIU0G4 OS~rFT(AA4I ** AM llOL
FISO OREI LA I T8o M

"AP IG L IUAS..N b jj



RUN N~o 9 FISSION SOURCE
SOURCE ALTITUDE= 80o00 KM SEC GAMMAS RADS-SILICON

loI

mWo.0 KH

z em

cn ~e

00

cr. e

cc

o

II

C3)

wQ

U-

00

S m
oiio

I-0

'I0 0

o0
F-0
o 0
rl-
b _ m .

B0
0i

4.l

S.m

i n _ _ __ _ __ __ _ __ _ __ __ _ __ _ __ __ _ __ _ __ _

0.000 5.000 10.0O00 1.OQ L 000 20:00 25000 LO0,00
RHOR G/CM2

FIGR- {, 4 ORSLRFIT OATA-GAM;4A SILICON K-FACTOR,
FISSION SOUkCE IN REAL AIR AT 80.0 KM,
At1PLING ALTITdD.-S 40 AND 60 KM.



RUN NOb 9 FISSION SOURCE
SOURCE ALTITUDE= 804000 M NEUTRONS RADS-SILICONi10°- - - - mSO I1

D-60.0o KM
000 .0 1000 KM

SSOURCE I&120 K

120

c..I

tI

-! I I I0,000 ,200 ,'&00 ,600 os00 1.000 1,2003
RHOR G/CM2

; FiOUR' - 5 MORSAI< FIT OATA- p.'1N, NEUTRON SI O0.3E,
-- FI~SION SOURCE IN R-AL AIR AT d0.O KM.i~i! "Ai tLLNG ALTITUUFS 0O,IO0,1; , ANI I'.J KM.

i ,, ii



RUN NO. 9 FISSION SOURCE
SOURCE ALTITUDE= 80.000 KM NEUTRONS RRDS-SILICON

10,, I 1II

10 06 0 KN
,12060 KH

+"l OO KN

z
0
I-

..J
',-4

0
I

c:

c,-

n-0
L)

10 a

01000 ,20 ,8400 ,800 ,$am 1000 1,20
RHOR G/CM2

~FIGURE U-4+6 4UORSAIR FIT DATA-NEUTRON SILICON K-FACrOR
FISSION SOURCE IN REAL AIR AT 80,0 KM,

i SAM PLING ALTITUDES .0O O i209O AND 14d <Me

LLL.



RUN NOo 9 FISSION SOURCE
SOURCE ALTITUDE= 80.o000 KM SEC GAMMAS RADS-SILICON

m n 0(60 KM
+ m 14O60 KM

0 A1200 K

a-1

0z0 2M 10 IM lw sm I .
0HRG/M

F'-4 -7 4O~ l- l UT -PR % GMAS OE
-Jsoq SUCEI ELAR T8o M

SAPI4 LTT-46,101U NJL' M

'I122



RUN NO. 9 FISSION SOURCE
SOURCE ALTITUDE= 80o000 KM SEC GAMMAS RADS-SILICON

10 1

M-O0O KM
10, (6O 0 KH

&"1O60 KM

p4

0
cr-

m tem0
cr 
-

100

10 00

RHOR G/CM2

FIGUR:- C-48 IORS41iR FIT OATA-GA*14 SILICON K-FACTOR,

r ISSION SOUklitj 1N I<EAL AIR AT 80.0 <Me.

8010 ,1 0 AN 14iM

, ' m , , ?



RUN NO, 10 THERMONUCLEAR SOURCE
SOURCE RLTITUDE= MI15 KM NEUTRONS RRDS-SILICON

Wu3.I114 KM
D 183 KM
A- 4015 KM
+- t1.916 KM

z

!--M

uC3.

:

cc
ccJ

+

a't l

0.000 4000 8,000 12,000 18.000 20000 2'.000
RHOR G/CM2 (XIO)'

FIGUt._ C-49 4OiRSAIi' FIT OATA-4PIR**2 NEUTRON SI UOSE,
TH.RMONUGL SOURCE IN HUO AIR AT 4.0 KM.
ALL SAMPLING ALTITUD.S
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URUN NOu 10 THERMONUCLEAR SOURCE

SOURCE ALTITUDE= 4..OIS KM NEUTRONS RADS-SILICON

~3.114 KM

(34 83 Km
4. .015 KM

+m%16K

L)

0

cc10 
e &4 

A DG

I-

lo T

04000 4.000 8.000 MOW00 16.000 20.000 246.000
RHOR G/CM2 (X1o)1

FIGURu.. C-k2u '4ONSAIN' FIT DATA-NEUTkON SILICON K-FACTO~i
Tt'l<1O'JUCL SOU,'GC. IN HOMG AIR AT 4..0 ;(M.
ALL *3AMPtLING ALTI1UO!-.S
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RUN NO. 10 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= 4.015 KM SEC GAMMAS RADS-SILICON

10"i

3.114 KM
1-383 K
s= %015 KM -

I 
W

C

cr

('4

b-4

C.

~~l I

'4 A4

0.000 000 8.000 12.OW 18.000 20.000 2'&s000
RHOR G/CM2 (XIO)'

FIGUR-i C-rU MUK 1S1,: FIT DATA-4PI.i,,2 GAMMA SI fOSE,
rHRM1GNUGL SoU<CE 114 HOMO AIR AT 4,0 KM.
ALL SA'IPLING ALTITUDES

12b
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RUN NO. 10 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= %,,015 KM SEC GAMMAS RADS-SILICON

10,

1-3114 KM3a &383 KM

a% ',015 KM
+= 'h916 KM

IZ

I
1-4

" ~ ~ ~ l lA o]. .J , .m._ ........ _.,,,-
10 a ae a .... a ,, m m" ~r-m mm

U-

(F-

0
It-

0.000 ,t.000 B.ow lz000 1 16000 2.000 24000
RHOR G/CM2 (XIo)1

FIGURL C-52 MORSAIR Fir DATA-GAMMA SILICON K(-FACTOR,
IHRMONUCL SOURCL IN HOMO AIR AT 4.0 KM.
AL,_ SAMPLING ALTTUOES
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RUN NOo 11 THERMONUCLEAR SOURCE
ri ~ 0 SOURCE ALTITUDE= 20D000 KM NEUTRONS RADS-SILICON

a)-149m IKM

X w206130 KH

z

I +

lull +
+

M +

C\J

0~0

I cri

0.000 '&.000 6.000 12.000 16. 000 20000 2 &.000
RHOR G/CM2 (X10)~

FIGU, .-t)S MOiSAPK FIT UATA-4PL' **2 NEUTRON SE UOSE,
rHLRMOi4UCL SOURCE. IN REAL AIR AT kO.3 KM.
ALL 3AMPLING ALTITJO:.S



RUN NO, 11 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= 20000 KM NEUTRONS RADS-SILICON

10-~

-e-14OwS KM
a-20O10 KH+-2Z.,081 K
X-26.130 KH
*"3b715 KM1

U +
+ 6

+ A xm 0 +

0 .7- . X&

I- -

c cM O U C AO r 4 b xu A +I ' AT ). K M .

Lcr.
0000 4a000 8.000 12.000 18.0 20000MO 24a.0O0

RHOR G/CM2 (X1O3'

FIGURE C-:)t 9UrSAlk: FIT OATA-t4EurRUN SILICON K-FACTOR
THMiMUNUCL SGUNOC IN RtAL AIR AT 26. <tM.
ALL SAIIPLI14G ALTITUDES



RUN NO. 11 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= 20.000 KM SEC GAMMAS RADS-SILICON

10

r 9-12.94Q KM
6 20o610 KM
:-22s081 KM

X-2&30 KM
*-Y&.71S KM

L)

b-4

cc e
(L M

a:6
* c'+

*t

080 U .m 1w o w w
RHaG/M :l~

FIoU - (RARFTDAA4I*2GMAS OE
TH*MNCLSUC-N ZLARAT2. M
AL A1PI- L~TU:



RUN NO. 11 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= 20o000 KM SEC GAMMAS RADS-SILICON

m-1l2#, 4 KM

-20 610 KM
+=22@081 KM
X26a 130 K4
*-" 3715 Im

I-,4
-.J

L b 
x

cc' ' 101 120+

X+

RHOR G/CM2 (l~

FIGUR-- U-56 IORSIR FIT OATA-iAt*A SILICON K-FACTOR,
THtklONUCL SOURCE IN FCAL AIR AT 20.0 KM*
AILL jAMPLING ALTITUDES

o )31.
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RUN NO. 12 THERMONUCLEAR SOURCE
SOURCE ALT!ITUDE= 30m000 K~M NEUTRONS RADS-S XLI CON

4

W'~s.O KM
0=20.0 KM
A -30m 0 KM

-

* 4 A

a +X
4-4

A.A

1icr"

04000 '&.00 8000 12@000 16W00 20.000 2%bGO
RHOR G/CM2 (X10)1

FIGURC' ;-57 MORSAIR FIT UATA-4PIR**2 NEUTRON SI DOSE,

V iFHLRMON'UCL SOURCE IN REAL AIR AT 30.0 KM-
ALL SAMPLINCU ALTITUUES
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RUN NOs 12 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= 30m000 KMI NEUTRONS RADS-S IL ICON

em2M.0 Kh

e-20.0 K"
* &-0.0 KH

z~ 10
~~10. &4-4 +

cc* + +
+

U-

04 amOOAW1.W 6 MW 2

10133



RUN NOm 12 THERMONUCLEAR SOURCE
SOURCE ALT ITUDE= 30s000 KM SEC GAMMAS RADS-S IL ICON

0t

6-4A

1-.4

Cr,

04 *A +
6+

s-IA 

Aw

+ A

+A

RHOR G/CM2 (X1)'
PfU~t ~ .URSAlm FIT (ATA-4PIR**2 GAM11A SI UOSE,

T, (NUCL SUURCE IN tcAL AIR AT 30.0 <H.
4LL SAMPLING ALTITUDES
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RUN NO. 12 THERMONUCLEAR SOURCE
F SOURCE ALTITUDE= 30.000 KM SEC GAMMAS RADS-SILICON

10- 0

t320.0O KH
x A -30. 0 KM

A +-00K
)('50. Km

-K 0 1

4 -

I A

m -A A A AA
c:4. A AA

6+

u- +
4p

6

* +

+

0000 4.000 81000 12.000 1%w00 20.00 241.000
RHOR G/CM2 (X10),

FI(4U '.-o >1OiRSMIR FIT UATA-GAMMA SILICON K-FACTOR,
THi:R.1ONUCL SOURCE IN REAL AIR AT 3i .j (M.
ALL SAMPLING ALTIT007OS



RUN NOu 13 THERMONUCLEAR SOURCE
SOURCE ALTITUDE= 40OO KM NEUTRONS RADS-SILICON

(9-2M0 KM
a)-30&0 KM
&-YO0 KM

z

b-40 0

I A MD
03

0-

I I I

08000 '4.000 86000 12.000 16.000 20.000 24&000
RHOR G/CM2 (XbO)'

F1GUt<c 'V-6I1OSi FIT UATA-4IRI'*2 14EUTRON SI DOSE,
THERM01IUGL SOURC. IN REAL AIR AT 40.i0 KM*
£iLL SM"PLING ALTITUDL:S



RUN NOu 13 THERMONUCLERR SOURCE
SOURCE RLTITUDE= 40a000 KM NEUTRONS RADS-SILICON

+-mo. KM
B-50.O Km

10 m

&-,,O.O KM
+-W.OKM

*-10,.O KM

Icc
-

+ A

00

~~_,t

Amme

A

+10 0 .

A

A

&

RHOR G/CM2 (XlO)'

FIGURC J-t,2 4URSAIR FIT DATA-NEUTRON SILICON K-FACTOR
THeMOINUCL SOURCL IN REAL AIR AT 4O. KM.
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